Syncope is common in hypertrophic cardiomyopathy and is associated with an increased risk of sudden death.' Both events may result from the same mechanism(s). The precise pathophysiological substrate(s) that predispose to and the sequence of events that lead to cardiovascular collapse in hypertrophic cardiomyopathy remain controversial. 2 Although arrhythmia may be the cause of such episodes,3 a primary hemodynamic mechanism may be responsible on some occasions. This hypothesis is based on the observation of syncope during sinus rhythm,4,5 the presence of an abnormal blood pressure response to exer-cise in one third of patients,6 and the absence of arrhythmia on Holter monitoring in children,7 despite the high risk of sudden death in this group.8 Although myocardial ischemia, diastolic dysfunction, or outflow tract obstruction are all potential hemodynamic mechanisms of syncope in hypertrophic cardiomyopathy, it has been proposed that activation of left ventricular baroreceptors could be the cause of exercise hypotension and hemodynamic collapse in this condition. 6 Activation of left ventricular mechanoreceptors, when left ventricular volume decreases and vigorous contraction continues, is known to produce reflex hypotension and bradycardia in animals and has been suggested to play a role in a number of clinical settings such as acute blood loss, head-up tilt, and aortic stenosis.9 '10 We hypothesized that this reflex would be facilitated in hypertrophic cardiomyopathy in which a small hypercontractile left ventricle already exists. The hemodynamic changes resulting from head-up tilt appear to induce this reflex in a clinical setting, and in recent years, head-up tilt testing has been found to reproduce syncope in approximately 60% of patients with a history of otherwise unexplained syncope." This response to head-up tilt has been termed "neurally mediated bradycardia/hypotension"'12 or "malignant vasovagal syndrome. '13 The administration of isoprenaline during tilt has been reported to increase the rate of syncope to 80% in these patients, possibly by mimicking the normal rise in catecholamines before syncope. 12 We therefore considered that head-up tilt would be a valuable method of investigating whether patients with hypertrophic cardiomyopathy were vulnerable to a reflex bradycardia/ hypotension syndrome. To obtain more detailed information regarding ventricular changes during head-up tilt and the mechanism of tilt-induced syncope, we performed two-dimensional and Doppler echocardiography during the tests.
Methods

Patients
The diagnosis of hypertrophic cardiomyopathy was based on the presence of typical clinical and electrocardiographic findings in association with a hypertrophied, nondilated left ventricle on two-dimensional echocardiography in the absence of hypertension, valvular disease, or any other systemic cause of hypertrophy. Eighteen patients were selected on the basis of a history of syncope (defined as a sudden episode of loss of consciousness with spontaneous recovery) within the preceding 5 years. One of these patients declined to proceed to the tilt plus isoprenaline phase of the study and was excluded from analysis. The remaining 17 patients formed the syncopal group. Five patients had only one episode of syncope, seven patients had two to five episodes, and five patients had more than five episodes. The circumstances of syncope were at rest or on ordinary effort in nine, on strenuous effort in five, with change of posture in two, and vasovagal (precipitated by fear of injections, etc.) in one. Nineteen ageand sex-matched patients without syncope in the preceding 5 years were selected to form the nonsyncopal group. Patient exclusion criteria were 1) age < 18 or >70 years, 2) overt heart failure, 3) uncontrolled cardiac arrhythmia, 4) severe mitral regurgitation or technically difficult echocardiographic subject for any reason, 5) when withdrawal of medication was considered unacceptable, 6) history of coronary artery disease or myocardial infarction, 7) other major systemic disease. All patients had a complete echocardiographic study and 48-hour Holter monitoring with the methodology and definitions previously described for our institution14 within the 6-month period preceding the current study. The results of these investigations, clinical features, and drug therapy of the patients are shown in Table 1 (these data are also used in describing individual patients in Table 5 ). All drugs were stopped for at least 5 half-lives before the study except for amiodarone, which was continued in seven patients: four in the syncopal group and three in the nonsyncopal group. Nine age-and sex-matched normal control patients were also studied:
five men and four women with a mean age of 45±+10 Fractional shortening was derived. Pulsed Doppler recordings of transmitral flow velocities were obtained from the apical four-chamber view with the sample volume positioned just proximal to the mitral leaflet tips. The maximum early flow velocity (E) and the maximum late flow velocity (A) were measured, and the E/A ratio was derived. From the apical five-chamber view, the sample volume was placed immediately under the aortic valve. When turbulent flow with high velocity was present, continuous-wave Doppler was used to measure velocity. In either case, the optimum signal was obtained, and the outflow tract velocity was taken as the maximum value measured. All two-dimensional and Doppler measurements were made at supine rest, at 5 minutes of 600 tilt, and every 10 minutes thereafter.
When there was a hemodynamic change or the patient developed symptoms, the measurements were repeated in the following order of priority: ventricular diameters, outflow tract velocity, and transmitral inflow velocities.
Statistical Analysis
Data were tested for normality of distribution using Shapiro and Francia's W' test. All data were normally distributed and analyzed using the two-tailed Student's t test for paired and unpaired data as appropriate. Proportions were compared using the Fisher exact test. The relation between blood pressure change and the degree of hypertrophy was assessed by linear regression analysis. All group data are expressed as mean+SD. Error bars on the figures represent 1 SEM. A probability value of 0.05 or less was considered statistically significant.
Results
Initial Hemodynamic Response to Head-Up Tilt
The initial hemodynamic response to 30°tilt and 600 tilt of all hypertrophic cardiomyopathy patients was compared with that of control subjects (Table 2 ). There were no significant changes in heart rate or blood pressure in normal subjects at 300 tilt for 2 minutes.
However, in patients with hypertrophic cardiomyopathy, systolic blood pressure fell by -5±8 mm Hg at 300 tilt (p=0.04). After 5 minutes of 60°tilt, hypertrophic cardiomyopathy patients and control subjects showed similar increases in heart rate. However, hypertrophic cardiomyopathy patients had falls in systolic, diastolic, and mean arterial pressures ( Figure 1 ) in contrast to normal subjects who maintained blood pressure unchanged. These differences persisted when the seven patients receiving amiodarone were excluded from the analysis. There was no correlation between the fall in Figure 4 . Case 1 developed bradycardia and prolonged asystole at 5 minutes of tilt. Cases 2, 3, 5, and 6 had a variable fall in heart rate before return to the supine position, whereas heart rate increased in cases 5 and 8. In all cases, bradycardia occurred in the first minute on return to the supine position and often persisted for a number of minutes, even though blood pressure recovered rapidly. Case fractional shortening (10+8% versus 1+±1%, respectively, p=0.002). In these positive cases, the onset of hypotension was associated with a trend toward further decreases in left ventricular diameters (Figure 2 ), a decrease in outflow tract velocity (Figure 3) , and a decrease in transmitral flow velocities; however, transmitral flow velocities were obtained only in three subjects at the time of hypotension. Thirteen syncopal, 17 nonsyncopal, and eight control subjects had a negative 45-minute head-up tilt test. In these subjects, transient hypotension (systolic pressure < 100 mm Hg) occurred on one or more occasions in six syncopal patients and three nonsyncopal patients but in none of the control subjects (p =0.11). These episodes were symptomatic in four of the nine cases. However, the blood pressure fall was nonprogressive, bradycardia did not occur, and symptoms were transient; therefore, the tilt test was continued.
Head-Up Tilt Plus Isoprenaline
All patients with a negative 45-minute tilt proceeded to 10-minute tilts with increasing doses of isoprenaline. For simplicity, only the values obtained at the highest dose of isoprenaline are shown in each case ( Table 2 ). The increase in heart rate induced by isoprenaline was similar in hypertrophic cardiomyopathy patients and control subjects. In both groups, isoprenaline caused an average decrease of 4 mm Hg in mean arterial blood pressure in the supine position. Tilt plus isoprenaline caused changes in hemodynamic and echocardiographic parameters similar to those with head-up tilt alone (Table 3) . These hemodynamic, two-dimensional, and Doppler echocardiographic changes were similar in the syncopal and nonsyncopal patient groups. The end points of tilt plus isoprenaline were as follows: Six subjects completed the full protocol, 18 achieved a heart rate of > 120 beats per minute and did not proceed to a higher dose of isoprenaline, the test was stopped during an isoprenaline stage because of a positive result in four (see below), a heart rate of .150 beats per minute in two, chest pain in two, headache in two, palpitation in two, and frequent ventricular extrasystoles in two. These end points were evenly distributed among the three groups.
Hypotension During Tilt Plus Isoprenaline
Three syncopal patients and one normal subject had a positive response to tilt with isoprenaline. In the three patients, hypotension occurred with continuing tachycardia, whereas in the normal subject, hypotension was associated with a sudden decrease in heart rate from 110 to 90 beats per minute. Echocardiographic measurements showed that these episodes were associated with reductions in end-diastolic and end-systolic diameters. In two patients, left ventricular outflow tract velocities were measurable at the time of hypotension and markedly elevated in contrast to the positive cases during tilt alone ( Figure 5 ). Transient hypotension occurred in one additional syncopal patient who was normotensive during tilt alone.
Complete Tilt Test
A positive tilt test was more frequent in syncopal patients (seven of 17, 41%) compared with nonsyncopal patients (two of 19, 11%, p=0.05) but not compared with normal subjects (two of nine, 22%, p=0.38). Transient hypotension was observed only in patients with hypertrophic cardiomyopathy and was more common in syncopal patients (seven of 10, 70%) compared with I Tilt 00°600 FIGURE 4. Heart rate changes during head-up tilt in the seven cases who had a positive test during 45 minutes of head-up tilt alone. The last measurement for each individual is the heart rate just before return to supine position, when hypotension was greatest.
This phenomenon occurred more frequently in syncopal (70%) than in nonsyncopal patients (18%) and was not observed in normal subjects. The episodes were mild, transient, and not associated with heart rate or echocardiographic changes and were therefore not typical of a vasodepressor reflex (see below). They are more likely explained on the basis of baroreceptor impairment. Such an impairment of baroreceptor function could be a factor in the occurrence of syncope in hypertrophic cardiomyopathy, as these patients when subjected to a hemodynamic stress, e.g., tachyarrhythmia, may be less able to maintain blood pressure and therefore more likely to develop syncope.
An impairment of baroreceptor function has been documented in patients with congestive heart failure,20 hypertension associated with hypertrophy, 21 The usual pattern of a positive response to tilt in our study was similar to that previously described, namely, initial tachycardia and mild hypotension progressing rapidly to profound hypotension with or without bradycardia." 15 We observed that the development of hypotension was associated with a further decrease in ventricular diameters, and where filling patterns were measured, these also decreased. Importantly, patients with hypertrophic cardiomyopathy had a fall in left ventricular outflow tract velocities at the onset of hypotension. Therefore, outflow tract obstruction was not the cause of these episodes; rather, a reduction in filling pressures, cavity dimensions, and a secondary reduction in cardiac output appeared to occur. The mechanism whereby isoprenaline and tilt induced a positive test in patients with hypertrophic cardiomyopathy may be different from tilt alone. Episodes of hypotension during isoprenaline were associated with continuing tachycardia and high outflow tract gradients. These observations suggest that isoprenaline may have caused syncope in these patients by inducing outflow tract obstruction or direct vasodilation rather than initiation of a left ventricular baroreceptor reflex. In Cases 8 and 9, 13-blockers had been withdrawn acutely before the study; therefore, adrenergic hypersensitivity may have been a factor in the response to isoprenaline. '4 Decrease in Ventricular Filling With Head-Up Tilt
We observed a decrease in the early transmitral flow velocity on tilting in hypertrophic cardiomyopathy patients and control subjects that would be expected to accompany a fall in filling pressure. In normal subjects, the A wave also tended to decrease at 600 tilt, and this effect has been reported in other normal populations.27 '28 In hypertrophic cardiomyopathy patients, however, the A wave did not change on tilting, and the relative contribution of the atrial component to filling increased. This may reflect an increased dependence on atrial filling in these patients or higher left ventricular filling pressures at supine rest that have "normalized" an abnormal filling profile.29
Consequent upon decreased filling pressure and transmitral flow velocities, the reduction in ventricular dimensions on tilting were to be expected and were similar in both hypertrophic cardiomyopathy patients and normal subjects. However, the behavior of the left ventricular outflow tract velocity was significantly different between the two groups. In normal subjects, left ventricular outflow tract velocity declined, which is compatible with a reduced stroke volume."' In hypertrophic cardiomyopathy patients, the outflow tract velocity increased, presumably secondary to the reduced left ventricular cavity and outflow tract size in the upright position. In some patients, the increase in 
Conclusions
The hemodynamic response of patients with hypertrophic cardiomyopathy to head-up tilt as characterized by noninvasive methods differs from normal subjects in a number of respects. Most importantly, patients with a history of syncope frequently display hypotension, suggesting that head-up tilt may yield information about the mechanisms of syncope. The data suggest that, in some patients, hypotension is due to activation of a ventricular baroreflex, whereas in others, impairment of baroreceptor function may be responsible. 
